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TITLE OF THE INVENTION 

CHARGING VOLTAGE CONTROLLER OF IMAGE FORMING APPARATUS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2002-38469, filed July 3, 
2002, in the Korean Intellectual Property Office, the disclosure of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a charging voltage controller of an image forming 
apparatus, and more particularly, to a charging voltage controller of an image forming apparatus 
capable of compensating for a change of a surface electrical potential on a photoconductive 
medium due to a variety of factors influencing a charging roller. 

2. Description of the Related Art 

[0003] Generally, an image forming apparatus, such as a duplicating machine, a printer, a 
facsimile, or a multifunction machine, for performing various functions has a printing function. 
The printer outputs information processed by a computer in a visible form. 

[0004] FIG. 1 is a schematic cross-sectional view of a charging voltage controller of a 
conventional image forming apparatus. 

[0005] Referring to FIG. 1, the image forming apparatus includes a control unit 10, an HVPS 
(High Voltage Power Supply) 20, a charging device 30, a photoconductive drum 40, a laser 
scanning device 50, a developer 60, and a transfer roller 70. 

[0006] With a power supply, the control unit 10 outputs a controlling signal to drive each part 
of the image forming apparatus while simultaneously applying a pre-set voltage to each 
corresponding roller of the image forming apparatus. 

[0007] The HVPS 20 applies a voltage corresponding to the controlling signal provided from 
the control unit 10 to a charging roller 30a, a developing roller 60a and the transfer roller 70, 
respectively. 
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[0008] The charging device 30 evenly charges a surface of the photoconductive drum 40 as 
the charging roller 30a is rotated while being charged with a higher voltage supplied from the 
HVPS 20. The laser scanning device 50 scans the photoconductive drum 40 with light in 
response to print data under control of the control unit 10. 

[0009] The developer 60 develops an electrostatic latent image formed on the 
photoconductive drum 40 by the laser scanning device 50 with a developing agent having an 
electric charge using the developing roller 60a which is rotated while being charged with a 
developer voltage supplied from the HVPS 20. 

[0010] The transfer roller 70 is rotated by the photoconductive drum 40 while being charged 
with a transcription voltage applied from the HVPS 20, and prints an image developed on the 
photoconductive drum 40 onto a sheet of paper being fed by a feeding unit (not shown). The 
image forming apparatus fuses the image printed on the paper by the transfer roller 70 through 
a fusing unit (not shown) and discharges the paper bearing the fixed image. 

[0011] In a case that a printing process is performed by the image forming apparatus having 
the foregoing structure, if the charging potential of the photoconductive drum 40 is uneven, a 
density deviation occurs in the image printed on the paper, and a print image quality 
deteriorates. 

[0012] That is, the surface electric potential of the photoconductive drum 40 can be changed 
due to an influence of environments (for example, temperature and humidity) where the image 
forming apparatus is used. Also, a film thickness of the photoconductive drum 40 becomes 
thinner as a result of a longer usage, thereby changing the surface electric potential. The 
change in the surface electric potential could deteriorate an image quality. Therefore, it is 
necessary to maintain a constant surface electric potential of the photoconductive drum 40 and 
prevent deterioration of the image quality. 

SUMMARY OF THE INVENTION 

[0013] An aspect of the invention is to solve at least the above and/or other problems and 
disadvantages and to provide at least one advantage described hereinafter. 

[0014] Accordingly, one aspect of the present invention is to solve the foregoing and/or other 
problems by providing a charging voltage controller of an image forming apparatus capable of 
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obtaining a uniform image quality by suppressing a change in a surface electric potential of a 
photoconductive medium occurring due to factors influencing a charged electric potential. 

[0015] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

The foregoing and/or other aspects and advantages are realized by a charging voltage 
controller of an image forming apparatus according to the present invention. The charging 
voltage controller of an image forming apparatus includes a charging roller charging a 
photoconductive drum with a predetermined charging voltage, a high voltage supply unit 
supplying the predetermined charging voltage to the charging roller, an electric current detecting 
unit detecting an electrical current flowing to the charging roller, and a control unit. The control 
unit supplies first and second test voltages of different levels to the charging roller, determining 
a first reference voltage to be applied to the charging roller based on data from the electric 
current detecting unit outputted in response to the first test voltage, calculates slope data based 
on the electrical current data detected from the electric current detecting unit in response to the 
first and second test voltages, and determines the charging voltage to be applied to the 
charging roller as a sum of the first reference voltage and a preset offset voltage that 
corresponds to the slope data. 

[0016] The charging voltage controller further includes a storage unit storing a first lookup 
table and a second lookup table, wherein the first lookup table stores an environmental factor 
set in correspondence with the data outputted from the electric current detecting unit in 
response to the first and second test voltages, and the first reference voltage set in 
correspondence with the environmental factor, and the second lookup table stores offset voltage 
data set in correspondence with the slope data. 

[0017] The controller supplies the high voltage supply unit with the first test voltage before 
supplying the second test voltage to the photoconductive medium. 

[0018] The first test voltage is greater than the second test voltage. 

[0019] The environment factors comprise one or a combination of humidity, temperature, a 
thickness, and a surface condition of the photoconductive medium. 

[0020] The high voltage supply unit comprises: a transformer having a primary winding 
coupled between a potential and the controller, and a secondary winding having a first end 
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coupled to the charging roller and a second end coupled to the current detecting unit; and a 
rectifying unit rectifying a voltage disposed on the secondary winding of the transformer. 

[0021] The charging voltage controller further includes a pulse width modulating unit coupled 
between the controller and the primary winding to output a signal having a duty ratio according 
to a control signal of the controller; and a switching unit coupled between the pulse width 
modulating unit and the primary winding of the high voltage supply unit to supply the first and 
second test voltage, and the charging voltage to the high voltage supply unit according to the 
signal having the duty ratio. 

[0022] The current detecting unit comprises: a first resistor coupled to the charging roller; a 
second resistor coupled between the first resistor and a potential; and a third resistor coupled 
between a second potential and a junction of the first and second transistor. 

[0023] The charging voltage controller of claim 1 , further comprising: an A/D converting unit 
coupled between the controller and the charging roller. 

[0024] According to the present invention, a method of a charging voltage controller of an 
image forming apparatus having a charging roller charging a photoconductive medium with a 
charging voltage, includes supplying first and second test voltages of different levels to the 
charging roller charging a photoconductive medium, detecting the first and second currents 
flowing the charging roller when the first and second test voltages are applied to the charging 
roller, calculating slope data based on a first reference voltage generated from the first current, 
and also based on the first and second currents, and determining the charging voltage to be 
applied to the charging roller as a sum of the first reference voltage and a preset offset voltage 
that corresponds to the slope data. 

[0025] The supplying of the supply voltage to the high voltage supply comprises: supplying 
the high voltage supply unit with the first test voltage before supplying the second test voltage to 
the photoconductive medium. 

[0026] The first test voltage is greater than the second test voltage. 

[0027] The first reference voltage is calculated based on an environment factor and the first 
current. 

[0028] The environment factors comprise: one or a combination of humidity, temperature, a 
thickness, and a surface condition of the photoconductive medium. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments taken 
in conjunction with the accompanying drawings in which: 

FIG. 1 is a schematic cross-sectional view of a charging voltage controller of a 
conventional image forming apparatus; 

FIG. 2 is a schematic cross-sectional view of a charging voltage controller of an image 
apparatus according to an embodiment of the present invention; and 

FIG. 3 is a graph explaining a process of determining a charging voltage in the charging 
voltage controller shown in FIG. 2. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described 
below in order to explain the present invention by referring to the figures. 

[0031] The following detailed description will present a controller for a charging voltage in an 
image forming apparatus according to an embodiment of the invention with reference to the 
accompanying drawings. 

[0032] FIG. 2 is a circuit diagram of a charging voltage controller of an image forming 
apparatus according to an embodiment of the present invention. Referring to FIG. 2, the 
charging voltage controller includes a high voltage supply unit 110, a switching unit 120, a pulse 
width modulating unit 130, a current detecting unit 150, an AID converting unit 160, a control 
unit 170, and a storage unit 180. 

[0033] The high voltage supply unit 110 supplies a predetermined charging voltage to a 
charging roller (not shown) in accordance with a control of the control unit 170 which will be 
described later. 

[0034] The high voltage supply unit 110 includes a transformer 112 and a rectifier 114. The 
transformer 112 includes a primary winding 112a receiving a voltage supply Vcc1 from a power 
supply unit, and a secondary winding 112b electrically coupled with the primary winding 112a. 
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[0035] The rectifier 114 rectifies a voltage induced at the secondary winding 112b of the 
transformer 112. The switching unit 120 is connected to switch on/off the voltage supply Vcc1 to 
the primary winding 112a from the power supply providing unit . The switching unit 120 includes 
a transistor TR used as a switching element . 

[0036] The pulse width modulating unit 130 controls a duty of on/off timing of the switching 
unit 120 according to a controlling signal from the control unit 170. 

[0037] The current detecting unit 150 is connected to the rectifier 114 to detect a current 
flowing through an effective resistance R C r of the charging roller (not shown) provided with the 
voltage induced at the secondary winding 112b of the transformer 110, and to output a signal in 
' response to the detected current. The signal from the current detecting unit 150 varies 
depending on the effective resistance R C r of the charging roller. 

[0038] The current detecting unit 150 includes first and second resistance elements R1 and 
R2 connected in series to a first output end of the rectifier 114 of which a second output end is 
connected to the charging roller, and a voltage source supplies a predetermined electrical 
potential Vcc2 to a connecting point of the first and the second resistance elements R1 and R2. 
The current detecting unit 150 outputs a voltage drop signal of another connecting point 
between the first resistance element R1 and the rectifier 114 to the A/D converting unit 160. 

[0039] The A/D converting unit 160 converts the voltage drop signal corresponding to a 
current detected at the current detecting unit 150 into a digital signal. 

[0040] The storage unit 180 stores various programs performing functions of the image 
forming apparatus and various information controlling the charging voltage controller. 

[0041] The storage unit 180 stores first and second lookup tables. The first lookup table 
stores at least one preset environmental factor corresponding to the digital signal input from the 
A/D converting unit 160 and also stores preset reference voltage data corresponding to the 
preset environmental factor, and the second lookup table stores slope data calculated from 
electrical current data of the charging roller which is detected after different test voltages are 
applied to the charging roller, and the preset offset voltage data corresponding to the slope data. 
Tables 1 and 2 below show respective examples of the first and second lookup tables stored in 
the storage unit 180. 
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Environmental factor 


Reference voltage 


1 00 or below 


-1.45KV 


100-150 


-1.40KV 


150-200 


-1.35KV 


200-255 


-1.30KV 



[0043] Table 2 



Slope data 


Offset voltage 


0.19 


OV 


0.21 


15V 


0.23 


30V 


0.25 


50V 



[0044] The environmental factor stored in the first look-up table is set to correspond to the 
digital signal inputted from the A/D converting unit 160, and may be classified into low 
temperature/humidity (L/L), normal temperature/humidity (N/N), and high temperature/humidity 
(H/H) according to surrounding conditions, such as temperature and humidity. For example, the 
'environmental factor of 100 or below may be classified as low temperature/humidity (L/L), 
100-200 as normal temperature/humidity (N/N), and 200-255 as high temperature/ humidity 
(H/H). 

[0045] The control unit 170 determines the charging voltage to be applied to the charging 
roller so that a uniform image can be obtained regardless of a printing environment of the image 
forming apparatus, the effective resistance R C r of the charging roller, and a thickness of a 
surface of the photoconductive drum (not shown). 

[0046] The control unit 170 determines the charging voltage to be applied to the charging 
roller before a printing operation, and then charges the photoconductive drum with the 
determined charging voltage supplied to the charging roller. The determining of the charging 
voltage to be applied to the charging roller will be called a "charging voltage determination 
mode." 
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[0047] FIG. 3 is a graph explaining a process of determining a charging voltage in the 
charging voltage controller shown in FIG. 2. 

[0048] Referring to FIG. 3, V2 and V1 represent a first test voltage and a second test voltage, 
respectively, and 12 and 11 represent currents flowing through the charging roller in response to 
the V2 and the V1 , respectively. 

[0049] In the process of determining the charging voltage, the control unit 170 respectively 
detects the currents flowing through the charging roller in response to the test voltages V1 and 
V2 applied to the charging roller. Then, the control unit 170 estimates a discharging start 
voltage Vth at a point where a current is zero, based on the slope data with respect to a change 
of the currents 11 and 12 in response to the first and second test voltages V1 and V2, and 
controls the pulse width modulating unit 130 such that another voltage of more than the 

discharging start voltage Vth can be applied to the charging roller. 

i 

[0050] More specifically, the control unit 170 controls the pulse width modulating unit 130 
such that two test voltages V1 and V2 larger than the discharging start voltage Vth as shown in 
FIG. 3 are supplied to the charging roller. Then, the control unit 170 calculates the discharging 
start voltage Vth by detecting the currents 11 and 12 respectively flowing through the effective 
resistance R C r of the charging roller in response to the applied test voltages V1 and V2. 

[0051] The control unit 170 may determine the charging voltage to be applied to the charging 
roller by using the calculated discharging start voltage Vth. That is, the control unit 170 may 
determine the another voltage larger than the discharging start voltage Vth as the charging 
voltage. For example, the control unit 170 determines the charging voltage by adding the 
surface electric potential Vo of the photoconductive drum (not shown) with the discharging start 
voltage Vth. 

[0052] Meanwhile, a method of determining the charging voltage according to another 
embodiment of the present invention determines the charging voltage in accordance with the 
effective resistance R C r of the charging roller. Environmental factors, such as temperature and 
humidity, are taken into account because the effective resistance R C r may change due to a 
change in the environmental factors. 

[0053] The control unit 170 controls the pulse width modulating unit 130 so that the preset 
first test voltage V1 is induced through the secondary winding 112b, and also controls the duty 
of the on/off timing of the switching unit 120. Also, the control unit 170 determines the first 
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reference voltage to be applied to the charging roller according to the digital signal provided 
from the A/D converting unit 160 in response to the first test voltage V1. 

[0054] When the digital signal is inputted from the A/D converter 160 in correspondence with 
the electrical current data detected by the current detecting unit 150, the environmental factor 
corresponding to the input digital signal is obtained with reference to the first lookup table as 
shown in the table 1, and the control unit 170 determines the voltage data corresponding to the 
obtained environment factor as the first reference voltage which is to be applied to the charging 
roller. 

[0055] For example, if the digital signal 128 is sent from the A/D converting unit 160 in 
response to the first test voltageVI of-1.5KV applied to the charging roller, the control unit 170 
selects the environmental factor set for the digital signal 128. If the preset environmental factor 
for the digital signal 128 is 180, the control unit 170 selects the reference voltage set for the 
environmental factor 180 using the first look-up table stored in the storage unit 180, and 
determines that the voltage of-1.35KV as the first reference voltage which is to be applied to 
the charging roller. 

[0056] Also, the control unit 170 controls the pulse width modulating unit 130 so that the 
second test voltage V2 of -1 .2KV that is different from the first test voltage V1 of -1 .5KV may 
be induced at the secondary winding 112b. The control unit 170 calculates the slope data using 
a current change based on the current values respectively provided regarding the first test 
voltage V1 of -1 .5KV and the second test voltage V2 of -1 .2KV, and selects a preset offset 
voltage based on the calculated slope data. That is, the control unit 170 selects the preset 
offset voltage corresponding to the calculated slope data with reference to the second look-up 
table shown in table 2. 

[0057] The control unit 170 selects the first reference voltage and the preset offset voltage 
from the first and the second look-up tables stored in the storage unit 180. 

[0058] The control unit 170 determines the charging voltage to be applied to the charging 
roller using the first reference voltage and the preset offset voltage. That is, the control unit 170 
determines the charging voltage to be applied to the charging roller by adding the preset offset 
voltage to the first reference voltage. 

[0059] The control unit 170 controls the pulse width modulating unit 130 so that the 
determined charging voltage is supplied to the charging roller. 
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[0060] The charging voltage controller of the image forming apparatus according to the 
present invention is capable of suppressing a change of a surface electric potential of the 
photoconductive medium occurring due to a change in factors influencing the charging potential, 
such as changes in environments including temperature and humidity or a resistance change of 
the charging roller, thereby always maintaining a constant surface potential of the 
photoconductive medium and obtaining a uniform image quality. 

[0061] While the invention has been shown and described with reference to certain preferred 
embodiments thereof, it will be understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the spirit and scope of the 
invention as defined by the appended claims. 

[0062] The foregoing embodiments and advantages are merely exemplary and are not to be 
construed as limiting the present invention. The description of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. Although a few preferred 
embodiments of the present invention have been shown and described, it would be appreciated 
by those skilled in the art that changes may be made in this embodiment without departing from 
the principles and spirit of the invention, the scope of which is defined in the claims and their 
equivalents. 
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